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1
OVERLAY METROLOGY TARGET

This application 1s a divisional of, and claims all rights and
priority on prior pending U.S. patent application Ser. No.
12/062,874 filed 2008 Apr. 4. This invention relates generally
to overlay measurement techniques, which are used in semi-
conductor manufacturing processes. More specifically, the
present invention relates to technmiques for measuring align-
ment error between different layers or different patterns on
the same layer of a semiconductor wafer stack.

BACKGROUND

The measurement of overlay error between successive pat-
terned layers on a wafer 1s one of the most critical process
control techniques used 1n the manufacturing of integrated
circuits and devices. Overlay accuracy generally pertains to
the determination of how accurately a first patterned layer
aligns with respect to a second patterned layer disposed above
or below 1t and to the determination of how accurately a first
pattern aligns with respect to a second pattern disposed on the
same layer.

Although this conventional overlay design has worked
well, there are continuing efforts to provide improved tech-
niques for determining or predicting overlay 1n device struc-
tures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a schematic illustration of overlay targets for
measuring overlay error between successive substrate layers,
according to embodiments.

FIG. 1B 1s a schematic illustration of overlay targets for
measuring overlay error between successive substrate layers,
according to embodiments.

FIG. 1C 1s a schematic 1illustration of overlay targets for
measuring overlay error between successive substrate layers,
according to embodiments.

FIG. 1D 1s a schematic illustration of overlay targets for
measuring overlay error between successive substrate layers,
according to embodiments.

FIG. 1E 1s a schematic illustration of overlay targets for
measuring overlay error between successive substrate layers,
according to embodiments.

FIG. 1F 1s a schematic illustration of overlay targets for
measuring overlay error between successive substrate layers,
according to embodiments.

FI1G. 2 1s a schematic 1llustration of a 5 micron size target
printed on a test wafer as view by an overlay tool, according,
to embodiments.

FIG. 3A 1s a view of overlay targets for measuring overlay
error between successive substrate layers with Regions of
Interest (ROIs) noted, according to embodiments.

FIG. 3B 1s a schematic illustration of overlay targets for
measuring overlay error between successive substrate layers
with Regions of Interest (ROIs) noted, according to embodi-
ments.

FI1G. 4 1s a flowchart illustrating a procedure for inspecting
targets, according to embodiments.

FI1G. 5 1s a flowchart illustrating a procedure for inspecting,
targets alignment, according to embodiments.

FIG. 6 1s a schematic illustration of a computing system
which may implement a procedure for inspecting target over-
lay alignment, according to embodiments.

DETAILED DESCRIPTION

Reference will now be made 1n detail to specific embodi-
ments of the invention. Examples of this embodiment are
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illustrated 1n the accompanying drawings. While the mven-
tion will be described in conjunction with these specific
embodiments, 1t will be understood that 1t 1s not intended to
limit the invention to these embodiments. On the contrary, 1t
1s intended to cover alternatives, modifications, and equiva-
lents as may be included within the spirit and scope of the
invention as defined by the appended claims. In the following
description, numerous specific details are set forth 1n order to
provide a thorough understanding of the present invention.
The present invention may be practiced without some or all of
these specific details. In other instances, well known process
operations have not been described 1n detail 1n order not to
unnecessarily obscure the present invention.

In general, the present invention provides semiconductor
targets for determining an overlay error between two process
layers or a shift between two sets of structures on the same
layer, where the target structures are designed with a known
relationship between their symmetry characteristics.
Although the following target examples are shown to have
structures on two layers for measuring overlay, 1t i1s readily
apparent that each target may include two sets of structures on
the same layer for determining a shift error between such set
of structures.

In the context of this invention the usage of terms such as,
but not limited to parallel, midpoint, perpendicular, degree
descriptions, or the like, are not met to limait the invention. By
way of example and not limitation, usage of the X-axis 1s not
meant to limit the invention, but rather i1s intended only to
describe an approximate first direction. By way of example
and not limitation, usage of the Y-axis 1s not meant to limit the
invention, but rather 1s intended only to describe an approxi-
mate second direction. One of ordinary skill in the art would
interpret these terms to extend to reasonable variations within
tolerances as the industry dictates.

In the first embodiments described 1n FIG. 1, the targets
comprise two structures: a first structure and second structure.
In some embodiments, the first structure may be printed on a
first layer, and the second structure may be printed on a
second successive layer.

One embodiment of the current invention 1s presented 1n
FIG. 1A (100qa). In such embodiments, a first structure (1054a)
may comprise two line segments separated by a known dis-
tance. In such embodiments, a third line segment may connect
said two line segments starting from approximately the mid-
point of each of said two line segments resulting 1n a third line
connecting the two line segments. In some embodiments, the
second structure (110a) may comprise the same structure as
the first structure (105a) but rotated 90 degrees.

One embodiment of the current mnvention 1s presented 1n
FIG. 1B (1005). In such embodiments, a first structure (1055)
may comprise two line segments separated by a known dis-
tance. In such embodiments, a third line segment may connect
the two line segments starting from the known points of each
of the two line segments and resulting 1n a third line connect-
ing to the two line segments. The known location may be a
known distance closer to a first end of the line segments than
to the line segment’s second end. The second structure (1105)
may comprise the same structure as the first structure (10556)
but rotated 90 degrees.

One embodiment of the current mnvention 1s presented 1n
FIG. 1C (100¢). In such embodiments, a first structure (103¢)
may comprise two line segments separated by a known dis-
tance. In such embodiments, a third line segment may be
present a known distance removed from the two line segments
intersecting with the structures center of symmetry and
resulting 1n the third line between to the two line segments.
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The second structure (110c¢) may comprise the same structure
as the first structure (103¢) but rotated 90 degrees.

An embodiment of the current mvention 1s presented 1n
FIG. 1d (100d). A first structure 1054 has four substructures
on the first layer, each substructure defined by two perpen-
dicular line segments crossing at their midpoints and extend-
ing along the X direction and Y direction 1n the XY plane,
where each substructure 1s located an equal known distance
from the center of symmetry along the X axisandY axis inthe
XY plane. A second structure 1104 on a successive layer, and
having an acquisition substructure defined by two perpen-
dicular line segments crossing at their midpoints at the center
of symmetry that extend 1n directions 45 degrees from the X
axis and Y axis in the XY plane, and four substructures each
defined by two perpendicular line segments crossing at their
midpoints extending along the X direction and Y direction in
the XY plane, where each substructure 1s located an equal
known distance from the center of symmetry along directions
45 degrees from the X axis and Y axis in the XY plane. The
center of symmetry for the first structure and second structure
are designed to be coincident, and shiits from this coincident
placement may be read as substrate layer shifts. The first
structure and the second structure have 180 degree symmetry.

An embodiment of the current mvention 1s presented 1n
FIG. 1E (100e). The first structure (105¢) may comprise two
substructures on a first layer each defined by two line seg-
ments crossing at their midpoints with each located at known
distances from the center of symmetry, and the second struc-
ture (110e) may comprise two substructures on a second layer
cach defined by two line segments crossing at their midpoints
with each located at equal known distances from the center of
symmetry.

An embodiment of the current mvention 1s presented 1n
FIG. 1F (100f). The first structure (103f) may comprise two
substructures on a {irst layer each defined by two line seg-
ments crossing at their midpoints with each located at known
distances from the center of symmetry, and the second struc-
ture (110f) may comprise two substructures on a second layer
cach defined by two line segments crossing at their midpoints
with each located at equal known distances from the center of
symmetry. The embodiments of FIGS. 1E and 1F differ by the
orientation of the first and second structures from the center of
symmetry.

In operation, there 1s a need to avoid cross ends approach-
ing each other. By way of example and not limitation, there
may be at least three options to better separation between
layers to avoid cross-talk, such as; Keeping as 1s a pitch of 6
microns and a cross size of 4 microns and avoiding cross ends
during measurement; shrinking crosses to a pitch of 6
microns and a cross size of 2 microns, and the whole crosses
may be used during measurements; or, increasing to a pitch of
8 microns, and a cross size to 4 microns and using the whole
crosses during measurement.

In some embodiments, the first and second structures may
be invariant to 180 degree rotation thus allowing separation of
tool induced shift (TIS) from real overlay measurement. In
some embodiments, by design the centers of symmetry of first
and second structures coincide. In some embodiments, mis-
alignment in overlay between the first and the second layers
may cause these centers of symmetry to split. In operation,
measuring this split between the centers of symmetry of first
and second features 1s considered the overlay measurement.

In some embodiments, these targets rotated by 90 degrees
are also legitimate targets. In such embodiments, the targets
lack 90 degree rotational symmetry and therefore informa-
tional content of targets 1s diflerent for different directions,
such as but not limited to X and'Y for each of the successive
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layers. The overlay metrology targets described have particu-
lar advantages 1n terms of information distribution. By way of
example and not limitation, these targets effectively utilize
the real estate designated for overlay metrology, allowing
minimal separation between information from the first and
the second layers. Furthermore, these targets may be shrunk
to target sizes of 5 microns and even below. By way of
example and not limitation, the information cross-talk
between the two layers may be avoided due to the following:
firstly, 1n the most areas of the target (apart of the very target
center) the layers are spatially separated and thus every seg-
ment of 1mage extracted from those areas delivers informa-
tion about one of the layers only, and secondly 1n the very
center of the target and 1n 1ts vicinity information 1s mixed
between the two layers, however, there 1s directional separa-
tion of the information. Therefore, all the information about
the first direction coming from the center of the target corre-
sponds to one layer only (the layer of second feature), while
all the information about the second direction coming from
the center of the target corresponds to the other layer only (the
layer of first feature). In some embodiments, a first direction
may be along the X-axis and a second direction may be along
the Y-axis.

In some embodiments, an advantage of the target designs
as compared to BiB/AIM targets 1s that the targets may mini-
mize the effect of optical cross-talk on the accuracy of overlay
measurement. In such embodiments, despite the small targets
s1ize up to 5 um all bars apart from the central ones may be
separated enough to eliminate optical cross-talk effects. Fur-
thermore, the central bars may be perpendicular to each other
which may allow measuring their center of symmetry posi-
tions independently of overlay shifts 1n both directions.

FIG. 2 presents a 5 micron size target structure printed on
test walers as viewed by an overlay tool.

FIG. 3 illustrates an embodiment with ROIs shown as they
may be used in aiding with alignment and analysis of targets.
Referring to FIG. 3, only the first embodiment of a metrology
target 1s shown, but this 1s not meant to limit the methods
described hereatter to that specific embodiment. On the con-
trary, the methods described hereatter may be used for all
embodiments of this invention. In some embodiments, a
method of measurement of a target might be substantially
similar to the method of measurement of a standard Box 1n
Box (BiB) target. In some embodiments, the center of sym-
metry ol the first structure (310a) may be found by correlation
of horizontal projections of the ROIs (330aq and 3354) to find
center of symmetry 1n a first direction. In some embodiments,
the center of symmetry of the first structure (310a) may be
found by correlating of vertical projections of the ROIs
(340a) to find center of symmetry in second direction. In
some embodiments, these ROIs (340a) may or may not be
comncide. In some embodiments, a first direction may be
along the X-axis and a second direction may be along the
Y-axis.

In some embodiments, the center of symmetry of the sec-
ond structure (305a) may be found by correlation of vertical
projections of the ROIs (3154 and 320q) to find center of
symmetry 1n a second direction. In some embodiments, the
center of symmetry of the second structure (305a) may be
found by correlating of horizontal projections of the ROIs
(3254) to find center of symmetry 1n a first direction. In some
embodiments, these ROIs (325a) may or may not be coincide.
In some embodiments, a first direction may be along the
X-axis and a second direction may be along the Y-axis.

The COS for each set of structures 310q and 30354 from the
first and second layers, respectively, may be determined using
any suitable technique. By way of example and not limitation,
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an edge technique may be utilized to determine COS for the
structures in each layer. In the illustrated embodiment pre-
sented 1n FI1G. 3, the outside edges of each ROI of each layer
may be used to determine the COS for each layer. For the
structures 305a and 310qa, the outside edges of each ROI
(3154, 320q and 330qa, 3335a respectively) may be determined
and then the edges are then used to find a center position
between the outside edges of each set of structures (e.g.,
between structures 305aq and structures 310a).

Alternatively, FI1G. 3B 1llustrates ROIs for a 2D-correlation
algorithm that may be used to find centers of symmetry
(COS). By way of example and not limitation, in a correlation
algorithm, for the structure each ROI set of each layer and
their 180 degree rotational counterpart (3155, 3205 and 3305,

335b) and (3255 and 3405) may be placed based on an mitial

COS. Then a COS 1s continually moved for each layer until
the best correlation 1s found between the rotated 1mage and
original 1images of each layer. Finally, after the best correla-
tion 1s found, the COS 1s found.

The target rules preferably include a requirement that the
target be placed 1n a layer which 1s measurable or inspectable
by a particular type of tool. For example, the target may have
to be on a top layer or be covered with only optically trans-
parent layers so that the target may be imnspected by an optical
tool. In the prior art, overlay metrology marks have been
proposed which are designed to minimize the real estate
requirements for scribeline or n-die metrology. The target
generally may comprise two features, one 1n each layer,
which may be positioned side by side or one 1nside the other.
I1 the metrology target size 1s to shrink however, this gener-
ally may require that the two features also shrink. Addition-
ally, generally targets do not overlap so as the signals from
both layers can be unambiguously differentiated or to ensure
that some signal 1s present from both layers in the captured
image. In other applications, the target may be required to be
underneath an opaque layer so that the opaque layer’s con-
formance to the underlying target may be mspected and/or
measured. Additionally, each 1spection, review, or metrol-
ogy tool typically has a size constraint as to the measured or
ispected structure. That 1s, structures below a particular size
cannot be seen. Therelfore, the targets must be sized so that
they can be measured or imnspected by the relevant tool.

The targets of the present invention described herein may
be placed in any suitable space on the water. By way of
example and not limitation, the targets may be placed 1n the
scribe line or within the dies themselves. When targets are
placed 1n a die, the die layout may also be analyzed to deter-
mine whether particular portions or areas have a characteris-
tic which negatively or positively atlects metrology or inspec-
tion results, as compared with other areas of the die layout.
For example, particular layout characteristics may result 1n
more reliable or accurate metrology or imnspection results. By
way of example and not limitation, targets may be placed in
arecas which have characteristics that positively affect the
metrology or mspection. In an example of such a feature
characteristic, a chemical mechanical polishing (CMP) pro-
cedure 1s typically tuned to achieve superior accuracy with a
particular feature density range. Thus, targets, such as overlay
targets, may be placed 1n layout regions which are within the
particular feature density range for an optimal CMP process.

The circuit designer may be aware of feature locations in
the die layout which are most susceptible to error or defects.
The designer may communicate the position of such features
to the target placement soitware or layout engineer so that
targets may be placed proximate to such problem features.
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This placement technique would likely result in a higher
incidence of defect capture and more reliable resulting prod-
ucts.

In operation, the described overlay metrology targets may
have particular advantages in terms of manufacturability. By
way of example and not limitation, modern processes forbid
teatureless areas below some minimal value. Each one of the
two layers of the target utilizes both peripheral and central
areas ol the real estate allocated for the overlay mark and
therefore featureless areas on both two layers are minimized.
Neither BiB, nor AIM, nor some other target designs (like
cross target) do not comply with this real estate minimization.
Furthermore, simple rules of HI target design allow optimi-
zation of the target for best contrast by means of optimizing
line width, line lengths, OPC features, segmentation or the
like.

After a die and targets are fabricated; the targets may be
ispected, reviewed, or measured 1n any suitable manner.
FIG. 4 1s a tlowchart illustrating a procedure for inspecting
targets fabricated from a layout pattern generated in accor-
dance with techniques of the present invention. At operation
400 a target analysis module 1s initiated. At operation 403 the
module allows for analysis of target overlays between suc-
cessive substrate layers. In some embodiments, each target 1s
ispected or measured to determine whether a process 1s out
of alignment. It 1s then determined whether a process 1s out of
specification 1n operation 410. If a process 1s not out of
alignment, the inspection, review, or measurement procedure
ends at operation 430.

If a process 1s out of alignment beyond an allowable toler-
ance or threshold, a number of techmques may be 1mple-
mented to alleviate the problem. In a first technique, a subse-
quent process may be adjusted to compensate for the process
which 1s out of alignment 1n operation 415. For example, 11 1t
1s determined that the photoresist pattern 1s misaligned 1n any
portion, the photoresist may then be stripped and reapplied in
a corrected pattern to eliminate the misalignment. In a second
technique, processing of the die may be terminated 1n opera-
tion 420. The die may then be discarded and the process
which 1s out of specification may then be adjusted for subse-
quent die(s) 1n operation 425.

One may determine whether the targets are within toler-
ances for alignment 1n any suitable manner. FIG. 5 1s a flow
chart i1llustrating a method for determining whether a target 1s
out of alignment beyond a known tolerance in accordance
with a specific implementation of the present invention.
Although this procedure 1s described with respect to a target
having structures with a 180 degree rotational COS, this
procedure may be easily modified for other structures. This
procedure may also be applied to determining an alignment
error between two sets of structures on the same layer, rather
than an overlay error on two different layers as 1llustrated.

In the illustrated example of FIG. 5, a target alignment
module 1s 1itiated at operation 500. The center of erther H or
I target structures are 1mitially moved to the center of the field
of view of the 1nspection tool 1n operation and the region of
interests (ROI’s) of each layer are then determined 1n opera-
tion 505. The target structures of FIG. 1 will be used to
illustrate the procedure of FIG. 5. In some embodiments,
locating a center of symmetry may comprise; locating a target
within a substrate layer, locating two regions of interest
(ROIs) encompassing the two line segments of the structure in
a first direction, correlating the horizontal projections of the
ROIs encompassing the two lines of the structure 1n a first
direction to find the center of symmetry in the first direction,
locating at least one ROI encompassing the middle line seg-
ment ol the structure 1n a second direction, and correlating the
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vertical projections of the ROI encompassing the middle line
segment ol the structure 1n a second direction to find the
center of symmetry 1n the second direction. In some embodi-
ments, locating a center of symmetry may comprise; locating,
an second structure target within a substrate layer, locating
two regions ol interest (ROIs) encompassing the two line
segments of the second structure 1n a second direction, cor-
relating the vertical projections ol the ROIs encompassing the
two lines of the second structure 1n a second direction to find
the center of symmetry in the second direction, locating at
least one ROI encompassing the middle line segment of the
second structure 1n a first direction, and correlating the hori-
zontal projections of the ROI encompassing the middle line
segment of the second structure 1n a first direction to find the
center of symmetry in the first direction. It 1s then determined
whether a process 1s out of specification in operation 525. If a
process 1s not out of alignment, the ispection, review, or
measurement procedure ends at operation 3535.

If a process 1s out of alignment beyond an allowable toler-
ance or threshold, a number of techmques may be 1mple-
mented to alleviate the problem. In a first technique, a subse-
quent process may be adjusted to compensate for the process
which 1s out of alignment 1n operation 530. For example, 11 1t
1s determined that the photoresist pattern 1s misaligned 1n any
portion, the photoresist may then be stripped and reapplied in
a corrected pattern to eliminate the misalignment. In a second
technique, processing of the die may be terminated in opera-
tion 535. The die may then be discarded and the process
which 1s out of specification may then be adjusted for subse-
quent die(s) 1n operation 340. The procedure for determining
whether the target 1s out of alignment before a known toler-
ance then ends at operation 550.

FIG. 6 1s a schematic illustration of one embodiment of a
computing system which may be used to implement the
metrology targets of FIGS. 1A, 1B, and 1C and the methods
described mm FIGS. 4 and 5. The computer system 600
includes a computer 608 and one or more accompanying
input/output devices 606 including a display 602 having a
screen 604, a keyboard 610, other I/O device(s) 612, and a
mouse 614. The other device(s) 612 can include a touch
screen, a voice-activated mput device, a track ball, and any
other device that allows the system 600 to receive input from
a developer and/or a user. The computer 608 includes system
hardware 620 and random access memory and/or read-only
memory 630. A file store 680 1s commumnicatively connected
to computer 608. File store 680 may be internal such as, e.g.,
one or more hard drives, or external such as, €.g., one or more
external hard drives, network attached storage, or a separate
storage network.

Memory 630 includes an operating system 640 for manag-
ing operations of computer 608. In one embodiment, operat-
ing system 640 includes a hardware interface module 634 that
provides an interface to system hardware 620. In addition,
operating system 640 includes one or more file systems 650
that manage files used 1n the operation of computer 608 and a
process control subsystem 632 that manages processes
executing on computer 808. Operating system 640 further
includes a system call interface module 642 that provides an
interface between the operating system 640 and one or more
application modules 662.

In operation, one or more application modules and/or
libraries executing on computer 608 make calls to the system
call interface module 642 to execute one or more commands
on the computer’s processor. The system call interface mod-
ule 642 mvokes the services of the file system(s) 650 to
manage the files required by the command(s) and the process
control subsystem 652 to manage the process required by the
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command(s). The file system(s) 650 and the process control
subsystem 652, in turn, invoke the services of the hardware
interface module 654 to interface with the system hardware
620.

The particular embodiment of operating system 640 1s not
critical to the subject matter described herein. Operating sys-
tem 640 may be embodied as a UNIX operating system or any
derivative thereof (e.g., Linux, Solaris, etc.) or as a Win-
dows® brand operating system.

In some embodiments, computer system 600 includes one
or more modules to implement hybrid database query cach-
ing. In the embodiment depicted 1n FIG. 6, computer system
600 includes a target analysis module 662 which may imple-
ment the method described with reference to FIG. 4. In the
embodiment depicted in FIG. 6, computer system 600
includes a target analysis module 664 which may implement
the method described with reference to FIG. 3.

Reference in the specification to “one embodiment™ or “an
embodiment” means that a particular feature, structure, or
characteristic described 1n connection with the embodiment
1s included 1n at least an implementation. The appearances of
the phrase “in one embodiment” in various places in the
specification may or may not be all referring to the same
embodiment.

The techniques of the present invention may be imple-
mented 1n any suitable combination of software and/or hard-
ware system. Regardless of the system’s configuration, it may
employ one or more memories or memory modules config-
ured to store data, program instructions for the general-pur-
pose 1mspection operations and/or the mventive techniques
described herein. The program instructions may control the
operation of an operating system and/or one or more appli-
cations, for example. The memory or memories may also be
coniigured to store layout patterns, layout constraint rules and
target rules.

Because such information and program instructions may
be employed to implement the systems/methods described
herein, the present invention relates to machine readable
media that include program instructions, state information,
etc. for performing various operations described herein.
Examples of machine-readable media include, but are not
limited to, magnetic media such as hard disks, floppy disks,
and magnetic tape; optical media such as CD-ROM disks;
magneto-optical media such as floptical disks; and hardware
devices that are specially configured to store and perform
program 1nstructions, such as read-only memory devices
(ROM) and random access memory (RAM). The mvention
may also be embodied 1n a carrier wave traveling over an
appropriate medium such as airwaves, optical lines, electric
lines, etc. Examples of program instructions include both
machine code, such as produced by a compiler, and {iles
containing higher level code that may be executed by the
computer using an interpreter.

Although the foregoing invention has been described 1n
some detail for purposes of clarity of understanding, 1t will be
apparent that certain changes and modifications may be prac-
ticed within the scope of the appended claims. Therefore, the
described embodiments should be taken as 1llustrative and not
restrictive, and the invention should not be limited to the
details given herein but should be defined by the following
claims and their full scope of equivalents.

What 1s claimed 1s:

1. A metrology target for determining a relative shift
between two or more successive layers of a substrate com-
prising:

a first structure on a first layer of the substrate, wherein the

first structure comprises:
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two parallel line segments separated by a known dis-
tance;

a third line segment connecting the two parallel line
segments starting from the midpoint of each of the
two parallel line segments and resulting 1n a third line
perpendicular to the two parallel line segments,

wherein no other line segments on the first layer intersect

any of the two parallel line segments and the third line
segment,

a second structure on a successive layer to the first layer of

the substrate;

wherein:
centers of symmetry for the first structure and second
structure are designed to be placed in coincidence and
shifts from this coincident placement may be read as
substrate layer shiits; and

the first structure and the second structure have 180 degree

symmetry.

2. A metrology target for determining a relative shift
between, two or more successive layers of a substrate com-
prising:

a {irst structure on a first layer of the substrate, wherein the

first structure comprises:

15

20

10

two parallel line segments separated by a known dis-
tance;

a third line segment connecting the two parallel line
segments starting from known points, wherein the
known points are closer to one end of a line segment
than to a line segment’s second end, on each of the two
parallel line segments and resulting 1 a third line
perpendicular to the two parallel line segments,

wherein no other line segments on the first layer intersect
any of the two parallel line segments and the third line
segment,

a second structure on a successive layer to the first layer of
the substrate;
wherein:

centers of symmetry for the first structure and second
structure are designed to be placed 1n coincidence and
shifts from this coincident placement may be read as
substrate layer shiits; and

the first structure and the second structure have 180
degree symmetry.
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